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Abstract 
Foam is a dispersion of gas in a liquid in which the distances between the gas bubbles are very small.  Foams are frequently 
generated in the manufacture of many products as result from the aeration and agitation of liquids, from the vaporization of the
liquid and also from biological or chemical reactions. Foams are generally an unwanted product in industrial processes because 
they cause difficulties in process control and in equipment operation. The most efficient conventional method for defoaming is 
the use of chemical agents but they contaminate the product. High-intensity ultrasonic waves offer a clean procedure to break 
foam bubbles. The potential use of ultrasound for foam breaking that was known since many years has been recently reinforced 
by the application of a new type of ultrasonic defoamer based on the stepped-plate high-power transducers to generate air-borne
ultrasound. This defoamer has been successfully applied in several industrial problems such as the control of excess foam 
produced during the filling operation of bottles and cans on high-speed canning lines and in fermenting vessels and other reactors 
of great dimensions. 
The treatment of such industrial problems requires the proper characterization and quantification of the main parameters involved
in the mechanisms of the defoaming effect. This paper deals with an experimental study about the separate influence of such 
parameters with the aim of improving the application of the stepped-plate power ultrasonic generators for the production of the
defoaming action on industrial processes 
PACS: 43.35.c; 43.38.Fx; 43.35.Ty 
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1. Introduction 
The production of excess of foam is very frequent in many industrial processes. The use of ultrasonic energy for 
defoaming offers a clean tool to treat such problems without interfering in the characteristics of the product. This is 
essential in important sectors such as food and pharmaceutical industries. The application of the ultrasonic
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defoaming technique at industrial stage has been slowed down by the lack of powerful and efficient air-borne
ultrasonic transducers. The recent development of industrial models of the stepped-plate power ultrasonic generators
has opened the way for a new type of ultrasonic defoamer to be commercially applied [1, 2]. The main operations
already successfully experimented have been on the control of excess of foam in high-speed filling lines of 
beverages and in fermenter vessels. To apply the ultrasonic technology properly requires a good knowledge of the
influence of the main parameters involved in the process. To that purpose a specific set-up has been designed and
constructed and an experimental study has been carried out with the aim of separately controlling such parameters,
particularly the treatment time and the acoustic intensity, and quantifying them for different kind of foam bubbles.
This paper deals with the description and the results of such study.
Displacement Distribution40cm
Fig.1. Scheme of the experimental set-up Fig. 2. Focusing stepped-plate ultrasonic radiator
2. Experimental System
The mechanisms of ultrasonic defoaming are not well known but it can be assure that they include the effects of
the acoustic pressure, the radiation pressure, the bubble resonance, the streaming and the liquid film cavitation.
Following a first approximation, according to the experimental data, it can be stated that the forces due to the
acoustic pressure and the radiation pressure play a principal role. Such forces are counterbalanced by the internal
forces of the bubble due to the inside gas pressure and the surface tension and viscous forces of the liquid film.
When the external perturbation is higher than the internal forces, the bubble is deformed and thin and thick areas are
produced in the bubble film in such a way that capillary pressure tends to suck liquid into the thin part and
separation forces push liquid away. The bubble film is supposed to collapse when the amplitude of the perturbation
is enough to break the thickness [3]. Therefore an important objective is to determine the acoustic energy needed to 
break any specific type of foam. In addition, as the energy depends on the acoustic intensity and the treatment time,
the complementary objective is to obtain the separate influence of each one of these two important parameters of the 
defoaming process.
The scheme of the experimental set-up is shown in Fig.1. It was designed to simulate the dynamic defoaming
effect occurring when the foam to be destroyed is passing at very high speed under the ultrasonic beam, as it is the
case of defoaming in filling machines, or the ultrasonic radiation is scanning at a certain speed the foam surface, as
it is the case in the reactor defoaming. Anyway the idea is to control the acoustic intensity and the treatment time
bearing in mind that such time has to be very short according to the real industrial situations.  The ultrasonic
generator is a focusing stepped- plate radiator with a power capacity of about 200 W, a resonance frequency of 25.8
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kHz , an electroacoustic efficiency of 75% and a bandwith of about 5 Hz.  This generator is able to focalize the
ultrasonic radiation in a focus area of about 4.5 cm2 with intensities up to about 10 W/cm2 (Fig.2).
Due to the narrow bandwidth of the power transducer it is not possible to control the irradiation time by pulse
emission, as in wideband transducers. Therefore it was necessary to design a set-up in which the continuous
radiation of the power transducer was periodically interrupted by a rotating disc (1) driven by a variable speed
motor. The rotating disc 1 has a window of 8 cm in diameter located at 29 cm from its centre. Anther rotating disc 2, 
which also has a window, is located parallel to the disc 1 in such a way that, in a certain moment, both windows may
coincide and then the radiation of the transducer placed just over such discs is passing through the windows. The
container with the foam is placed under the discs. By proper control of the rotation speed of both discs it was 
possible to obtain treatment times in the range of 8 to 100 ms. 
Fig. 3. Types of soap foam treated and tested: a) bubble diameter = 0.2-2 mm; Vliquid/Vfoam = 0.02 and b) bubble diameter = 0.2-10 mm;
Vliquid/Vfoam = 0.005
Two different types of soap foam were generated and tested: a) stable, persistent and with moderate water content
(surfactant concentration C = 2,85g/l) and b) light and dry (C = 0,714g/l). The foam was generated by using liquid
soap and air bubbling through ceramic diffusers. The bubble size was in the range of 0.2 to 2mm for the first foam
and of 0.2 to 10 mm for the second one (Fig. 3). The ratio of the liquid volume to foam volume was of 0.02 and
0.005 respectively.
3. Results and Discussion
The experimental tests basically consisted in determining the defoaming volume (DV) obtained with the two
types of foam, by applying four different acoustic intensities (1.25, 2.5, 5, 10 W/cm2) and for four different
treatment times (8.7, 15.5, 31 and 98 ms). That means a total number of 32 different tests. The defoaming action of
the acoustic radiation by a focused beam causes on the foam a conical hole which corresponds to the defoaming
volume. The acoustic energy needed to produce a certain defoaming volume is measured trough the product of the
acoustic power applied and the treatment time.
Figures 4, 5, 6 and 7 show the variation of the defoaming volume with the applied energy and acoustical intensity
for the two types of foam. To be noted that, even if the applied energy has the same value, the acoustic intensities
and the treatment times are different in any of the obtained curves. Such results indicate that the defoaming process
depends on both parameters separately in such a way that it could be stated  that to produce the effect it is needed a 
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certain time and a certain intensity and it is not very precise to talk simply about a certain energy as some authors do 
[4,5].
Fig. 4. Defoaming volume (DV) versus applied energy for different
fixed acoustic intensities (foam type a, C = 2.85 g/l) 
Fig. 5. Defoaming volume (DV) versus acoustic intensity for different
fixed treatment times (foam type a, C = 2.85 g/l)
Fig. 6. Defoaming volume (DV) versus applied energy for different
fixed acoustic intensities (foam type b, C = 0.71 g/l) 
Fig. 7. Defoaming volume (DV) versus acoustic intensity for different
fixed treatment times (foam type b, C = 0.71 g/l)
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4. Conclusions 
This work represents an experimental approach to determine the real parameters needed for the industrial 
treatment of foam by using the stepped-plate ultrasonic defoamers. The results obtained with two different types of 
foam seem to be representative of other cases because the behaviour in all the considered situations follows a similar 
trend. In addition, it is to be underlined that the role of the two main operating parameters (acoustic intensity and 
time) has to be analyzed separately and the results demonstrate  that to produce the defoaming effect it is necessary 
not only to overcome an intensity threshold but also a minimum treatment time is required. 
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